Background In order to facilitate the setting of guidelines, this review article evaluates the health risks caused by poor microbiological quality of recreational natural water.
of the body's defences. AJso, bather and non-bather groups may differ (e.g. in their health status), which may be the cause of the choice of different activities (i.e. bathing or not bathing). Furthermore, non-swimmers may also be exposed to poor water quality, since viruses may be transferred from the water to the air. 2 Thus, swimming-associated illness estimation using nonswimmers on the beach as the unexposed groups may underestimate the true effect.
To estimate each risk factor independently, the following associations were studied in this review: (1) the incidence rates for swimming in relatively unpolluted water compared with the incidence rates of non-swimmers, to assess the risk of contact with water itself; and (2) the incidence rates for swimming in polluted water compared with the incidence rates of swimmers in relatively unpolluted water, to assess risk due to microbiological water quality.
To address the associations of interest, studies that met the following criteria were excluded: (1) The health outcomes are not clearly related to water quality. ( 2) The study only compares attack rates of swimmers in polluted water to attack rates of non-swimmers, and the associations of interest could not be calculated from the reported data. (3) The exposure or outcome assessment differs significantly among the exposure or outcome groups. (4) The study is not sufficiently documented for determining the associations of interest. (5) The study population is far too small (three or less diseased per exposure groups). (6) The response rate is low (less than 50%). (7) The water of exposure is artificially chlorinated.
In this review, 22 3~24 of 36 3~38 studies were selected (Table 1) . Of the 22 studies, 18 are prospective cohort studies, two are retrospective cohort studies 16 ' 23 and only two 3 ' 9 are randomized controlled trials. Prospective cohort studies are suitable for studying the associations of interest; they may however have two major limitations: variation of the composition in different exposure groups, and loss of follow-up in populations such as tourists. In retrospective cohort studies, estimation of exposure to water quality may be inaccurate. Randomized controlled trials permit more accurate assignment of exposure to water and its quality assessment, and optimize the chance of similarity between the groups of exposure. However, they present ethical problems (e.g. exposing subjects to water of low quality or inclusion of children) and practical problems (e.g. cost, recruitment of sufficient number of participants).
All studies assessed water quality by measuring indicator microorganisms, usually bacteria of faecal origin. The studies used different indicators, the most commonly used being enterococci, Escherichia coli and faecal coliforms. Only a few studies also measured pathogenic microorganisms.
In 11 of the selected studies, 3 a: Only use of seasonal mean for analysis of association with outcome reported. b: Control for less than three counfounders reported, or no reporting at all c: Exposure not defined as head Immersion/head splashing/water ingestion d: <1700 bathers and 1700 non-bathers participating In the study.
• Exposure Is white-water canoeing; similar to swimming, water intake is likely, while turn-over or through mfjesiion or Inhalation of droplets. ** Cross-sectional study. 24 In one study 23 mycosis and eye and ear infections are inversely related to the count of faecal indicator bacteria. The author of this study states that this paradoxical finding could be due to the poor method of the water quality assessment, based exclusively on faecal coliforms, to evaluate the microbiological quality of coastal waters under certain conditions. In three studies, 5 ' 11-17 no significant relationships were found with faecal indicators. Several studies reported that symptom rates were more frequent in the lower age groups. 10 ' 13 ' Most associations were found between gastro-intestinal symptoms (including 'highly credible' or 'objective' gastrointestinal symptoms) and indicators such as enterococci, faecal streptococci, thermotolerant coliforms and E. coli. Relatively few studies reported associations for other symptoms.
For evaluating the risk of contact with water itself, relative risks (RR) of exposure to relatively dean water were compared to non-swimmers. For gastro-intestinal symptoms, these RR all lie between 1.0 and 2.5, 9 ' 10 ' 12 ' 16 ' 20 ' 22 with only one value being significantly different from l.O. 22 For other symptoms, few data are available.
Relative risks of swimming in relatively polluted water versus swimming in dean water are compiled in Figures 1 and 2 and  Tables 2 and 3 for numerical values. All RR range between 0.4 and 3.
The regression relationships that were available in the form of odds of illness or case rate versus bacterial count are compiled in Figure 3 for freshwater and in Figure 4 for marine water. These figures show that many studies suggest continuously increasing risk models with thresholds for various indicator organisms and health outcomes. Most of the suggested thresholds are low compared to water qualities often encountered in coastal waters of recreational use .
9 - 16 ' 19 ' 20 -22 ' 23 They range from only a few indicator counts/100 ml to about 30 counts/100 ml, and were higher for Egypt and Hong Kong (around 100-200 indicator counts/100 ml). These two studies also describe lower case rates for similar bacterial counts.
The indicator organisms which correlate best with health outcome were enterococd/faecal streptococd for both marine and freshwater, and E. coli for freshwater. Other indicators showing correlation are faecal coliforms and staphylococd. The latter are assumed to be correlated to bather density 15 ' 18 and are significantly assodated with certain symptoms, i.e. those affecting ear and skin and respiratory and enteric diseases. 15 
The variation in staphylococd density could not be explained by sources of contamination other than cross-infection among bathers, 39 although further investigations would be necessary to confirm this hypothesis. Only one study finds significant correlations between gastro-intestinal symptoms and specific pathogenic bacteria. symptoms available, better assessment of individual exposure (water quality and degree of water contact assessment) may have reduced misclassification error. The same also applies to Fleisher's randomized controlled trial 3 investigating non-enteric illnesses. Comparison with other studies was not possible since this is the first study to investigate non-enteric illnesses according to the International Classification of Diseases (ICD-10), and due to the lack of other reported relationships.
The studies do not yield any findings on the relationship of severity of symptoms to differences in water quality.
Discussion
Some factors which may affect the validity of these studies are listed below. Table 4 recapitulates the main types of bias.
The use of indicator microorganisms for assessing water quality of exposure is one of the major sources of bias in such studies. Temporal and spatial indicator variation is substantial, and difficult to relate to individual bathers, 40 unless the study design is experimental. 3 ' 9 Use of seasonal means for water quality rather than daily measurements further increases the inaccuracy. Also, the limited precision of methods for counting indicator organisms added substantial measurement error. 41 Furthermore, the indicator organisms used do not relate well to viruses, which may represent an important part of the aetiological agents. These factors lead to non-differential misclassification bias, and underestimation of the health effect of water quality.
Certain studies do not take into account the potential infection pathway for defining exposure, e.g. mainly head immersion or the ingestion of wa ter 581016 '
2l:24
for gastro-intestinal symptoms. This, together with difficulties in exposure recall and reporting in observational studies, would also lead to nondifferential misclassification.
The following factors will probably introduce minor bias: Most observational studies relied on self-reporting of symptoms. Validation of symptoms by medical examination 3 ' 9 would have reduced potential bias.
The response rate was more than 70% in all, and more than 80% in most studies. Differential reporting, e.g. higher response among participants experiencing symptoms, would probably not have major consequences.
The recruitment method, which consists of approaching people on the beach in almost all studies.
According to power calculations 42 the study population size should reach a minimum of 1700 swimmers and 1700 nonswimmers under the hypothesis of a 5% background illness rate and an excess rate of 50% for a significant result (90% power). Not all studies reached this number of participants, 3 ' 6 ' 9 ' 11 " 14 ' 18 ' 24 however, excess rates were sometimes reported to be higher and so some studies could still yield significant results.
Since several of these causes may occur in one and the same study, the errors introduced are multiplied and can be very important, but would probably lead to underestimation of the health effect of water quality. Non-differential misclassification bias is the most important type of bias in the reviewed studies and it should be smaller in the randomized controLled studies 39 than in the observational studies. This fact probably explains the higher risk estimates for gastroenteric symptoms and the stronger relationship with indicator counts, compared to the findings of the other studies.
Special attention should be given to the low threshold values reported. Misclassification of exposure may produce artificially low thresholds for increased risk. The one randomized controlled trial reviewed here analysing gastro-intestinal symptoms, 6 which should yield the most accurate relationship, suggests a threshold of 33 faecal streptococci/100 ml for increased risk of gastroenteritis, which is higher than in other studies. In addition to misclassification bias in observational studies, the difference in thresholds could be due to a study population limited to adults in the randomized controlled trial; their immunity status for diarrhoeal diseases being probably higher than for the average population. 43 Furthermore, study populations from Hong Kong 15 and Egypt, 21 show higher thresholds (and case rates). Also, within the Egyptian study, the visiting population (from another inland town) shows higher attack rates for gastroenteric symptoms than the local population. These results could not be explained by bias only and suggest the influence of immunity status on susceptibility to water quality, or a lower pathogen-to-indicator ratio in the natural waters. The thresholds may also be influenced by the sample size, i.e. they may decrease when the sample size increases. However, the Hong Kong and Egypt studies are among those with the largest sample size among the reviewed studies, whereas the sample size of the randomized controlled trial studying gastroenteric symptoms is relatively small. These studies have reported gastro-intestinal symptoms as the most common health problem related to the count of indicator bacteria in recreational waters. Respiratory, eye, ear/nose/throat and skin and mucosal symptoms in swimmers have also been investigated, and in a few studies, similar relationships were found. Relatively little epidemiological data on more serious health outcomes (e.g. hepatitis, leptospirosis, typhoid fever) are available.
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The criteria for evidence in environmental disease causation, proposed by Bradford Hill, 44 and their fulfilment for the associations studied here, are described in Table 5 .
In our review of 22 studies, seven of Hill's criteria are fulfilled. The criterion on the specificity of the association is not applicable because aetiologic agents are suspected to be numerous and relatively outcome unspedfic. Results of experiments on the impact of preventive actions on health outcome frequency have not yet been reported.
Conclusions
The review of 22 selected studies suggests that there is a causal relationship between the gastro-intestinal symptoms and recreational water quality, measured by indicator-bacteria concentration, because they report a strong and consistent association with temporality and dose-response relationships, as well as biological plausibility and analogy to clinical cases in drinking water pollution.
In 19 out of 22 studies selected in this review, the rate of certain symptoms or symptom groups is significantly related to the count of faecal indicator bacteria in recreational water. Gastro-intestinal symptoms are the most frequent health outcome for which significant dose-related associations were reported. Symptom rates were usually higher in the lower age groups.
Several indicators were used for describing water quality in the reviewed studies. Most probably, the indicators showing correlation with health outcome varied according to faecal contamination of the water or contamination by other bathers. Consequently, despite different indicators, the trend in reported associations is similar.
For marine and freshwater, this review suggests low threshold values for increased risk compared to the water qualities frequently encountered in coastal recreational waters and suggests the existence of dose-response relationships between the bacterial count and symptoms. The results of the randomized controlled trials 3 ' are probably the most accurate, as exposure, water quality and illness are much more accurately assessed than in observational studies. These results are however primarily indicative for adult populations in temperate climates. Studies which report higher thresholds and case rate values (for adult populations or populations of countries with higher endemicities) may suggest increased immunity, which is a plausible hypothesis but requires further studies to confirm.
The WHO expert group for recreational waters agreed that the degree of convergence among principal study outcomes and findings provided a sufficiently solid basis from which to derive guideline values. 45 
